Nineteen strains of Corynebacterium sensu stricto, 23 received as Corynebacterium equi or R hodococcus equi, marker cultures of Arthrobacter, Brevibacterium, Bacterionema matruchotii, Cellulomonas flauigena, Kurthia zopcfii, Listeria denitr$cans, Microbacterium lacticum, R hodococcus rubropertinctus and 8 8 representatives of Mycobacterium, Nocardia, R hodococcus and the 'aurantiaca ' taxon were the subject of numerical phenetic analyses using 92 characters. The data were examined using the simple matching (SsM) and Jaccard (SJ) coefficients and clustering was achieved using the average linkage algorithm. With a single exception, strains containing meso-diaminopimelic acid, arabinose, galactose and mycolic acids were recovered in five aggregate clusters corresponding to Corynebacterium sensu stricto, Mycobacterium, Nocardia, Rhodococcus and the 'aurantiaca ' taxon. Most of the Corynebacterium (R hodococcus) equi strains formed a good taxospecies which included the type strain of Corynebacterium hoagii. The numerical data, and the results of earlier chemical and genetical studies, also provide sufficient evidence for the transfer of Bacterionema matruchotii to Corynebacterium sensu stricto as Corynebacterium matruchotii comb.nov. and for the recognition of R hodococcus globerulus sp.nov. for some strains previously classified as R hodococcus rubropertinctus (Hefferan) Goodfellow & Alderson. The classification of the remaining marker strains correlates well with other major developments in coryneform taxonomy.
, and in the structure and size of mycolic acids .
Broadly based numerical phenetic surveys have shown that mycobacteria, nocardiae, rhodococci and aurantiaca strains fall into four aggregate clusters which have been equated with the rank of genus (Goodfellow & Alderson, 1977; Goodfellow et al., 1978b) . The relationship between Corynebacterium sensu stricto and Rhodococcus, however, has not been clearly established using numerical taxonomic techniques, as insufficient representatives of these taxa have been included in systematic surveys of nocardioform actinomycetes or coryneform bacteria. The position of strains labelled R hodococcus (Corynebacterium) equi (Skerman et al., 1980) is particularly confusing as they have been associated with Corynebacterium sensu stricto (Bousfield, 1972) , Mycobacterium (Harrington, 1966) , Rhodococcus (Jones, 1975; Goodfellow & Alderson, 1977 ; Goodfellow et al., b, 1980 or separated from representatives of all of these genera (Davis & Newton, 1969; Stuart & Pease, 1972) . Ideally, following numerical analysis, strains should be chosen to represent the range of variation in clusters and examined using the more analytical methods that cannot readily be applied to many strains (Goodfellow et al., 1978 b; Piot et al., 1980) . Especially good congruence has been found between DNA :DNA pairing and numerical phenetic data in a number of actinomycete taxa including Nocardia and R hodococcus (Bradley & Mordarski, 1976 ; Mordarski et al., 1978 a, b) . Thus, results of DNA homology experiments (Mordarski et al., , 1977 (Mordarski et al., , 1980b ) support the taxonomic integrity of most of the Rhodococcus species cited in the Approved Lists of Bacterial Names (Skerman et al., 1980) . The type strains of R hodococcus corallinus and Rhodococcus rubropertinctus were, however, recovered in a single DNA homology group and the former epithet was made a later subjective synonym of the latter (Mordarski et al., 1980 b) . In the numerical taxonomic study of Goodfellow & Alderson (1977) , strains labelled R. rubropertinctus were recovered in subcluster 1G which consisted of a homogeneous core and a few peripheral organisms some of which also shared a high affinity with the R . corallinus strains of phenon 1C; the outlying strains included the type strain of R. rubropertinctus, N4. Subsequent analysis of the menaquinone and mycolic acid composition of R. rubropertinctus strains underlined the heterogeneity of the taxon , while the reclassification of some of the peripheral strains (Mordarski et al., 1980b) left subcluster 1G as a homogeneous taxon in search of a specific epithet.
In the present study, good representatives of the genera Corynebacterium sensu stricto, Mycobacterium, Nocardia, R hodococcus and the 'aurantiaca' taxon together with marker strains of A rthrobacter, Breuibacterium, Bacterionema rnatruchotii, Cellulomonas jlauigena, Kurthia zopfii, Listeria denitr@cans and Microbacterium lacticum were compared using numerical taxonomic techniques in an attempt to establish the generic relationships between mycolic acid-containing taxa and to clarify the status of subcluster 1 G. Table 1) . All of the test strains were maintained on glucose yeast extract agar at room temperature (Gordon & Mihm, 1962) .
The test organisms listed above were screened for 92 unit characters and the data were added to those previously collected on the remaining 88 strains (Goodfellow & Alderson, 1977; Goodfellow et al., b, 1982 .
Computer analysis. Data were examined using the Clustan 1A program (Wishart, 1968) on an IBM 370/180 computer, using both the simple matching coefficient (SsM; Sokal & Michener, 1958) , which includes positive and negative matches, and the Jaccard coefficient (SJ; Sneath, 1957) , which excludes negative similarities. Clustering was achieved using the unweighted average linkage (UPGMA) algorithm (Sneath & Sokal, 1973) . Abbreviated dendrograms were produced from the products of both the SJUPGMA and SJUPGMA analyses.
RESULTS

Clustering of strains using the SJ coeficient with the UPGMA algorithm
All of the rhodococci, mycobacteria, nocardiae, aurantiaca strains and corynebacteria were recovered in five aggregate clusters (1 to 5 , respectively) defined at the 45 to 50% similarity level (S-level; Fig. 1 ). The aggregate phena and the clusters they contained were distinct and were named, where possible, after the type strains or authentic named strains found within them ( Table 1 ). The codes for the aggregate clusters are the same as those used in other surveys (Goodfellow & Alderson, 1977; Goodfellow et al., 1978b , but those designating the clusters are new. The composition of the Mycobacterium, Nocardia and 'aurantiaca ' aggregate clusters was almost identical to that obtained in other studies (Goodfellow et al., b, 1982 . Aggregate cluster 1 (Rhodococcus) was divided into ten clusters, seven of which were more or less identical to those described previously (Goodfellow et al., 1978 b) . The re-examined cultures of R . rubropertinctus, however, were recovered in cluster 1C with strains previously classified as R. corallinus, a result in good agreement with DNA :DNA pairing data (Mordarski et aE., 1980 b) . Seven strains representing the homogeneous core of the old subcluster 1G (Goodfellow & Alderson, 1977) formed the distinct and homogeneous cluster 1F. Cluster 1J was also distinct and homogeneous and contained 21 of the 23 strains received as either C. equi or R . equi and the type strain of Corynebacterium hoagii (Table 1) . This cluster, however, lay towards the periphery of aggregate cluster 1.
Aggregate cluster 5 encompassed the remaining corynebacteria some of which were recovered in three clusters, 5A, 5B and 5C, that corresponded to C. diphtheriae, C. bovis and C. pseudotuberculosis, respectively. The other five strains in cluster 5 -the type strain of Bacferionema matruchotii, C. bovis C95 and C 101, C. pseudodiphtheriticum and C . xerosisformed single member clusters. With few exceptions the remaining marker cultures were sharply distinguished both from one another and from the mycolic acid-containing strains (Fig. 1) . Little similarity was found between the type strains of A. tumescens and A. globformis; these organisms showed a loose affinity to Brevibacterium saperdae and to the 'aurantiaca' taxon, respectively. The other brevibacteria showed little affinity either to one another or to any of the test strains.
Clustering of strains using the S,, coeflcient with the UPGMA algorithm
In this analysis exactly the same clusters were defined but the cut-off was at or above the 84% S-level and the composition and arrangement of some of the aggregate clusters were modified (Figs 1 and 2) . With one exception more or less the same five aggregate clusters were recognized at the 75% S-level, but a much closer relationship was apparent between the Corynebacterium, Mycobacterium and R hodococcus aggregate clusters. In contrast, the Class$cation of rhodococci and corynebacteria 739 Nocardia aggregate cluster was more diffuse; the Nocardia amarae strains only joined the other nocardiae at the 6 1 % S-level.
The most notable change was the recovery of the R. (C.) equi strains as a cluster which shared a closer affinity with the Corynebacterium and Mycobacterium aggregate clusters than with the rhodococci (Fig. 2) . The marker cultures of B. linens, B. stationis, B. protophormiae and Kurthia zopfii also shared a high similarity with both the corynebacteria and mycobacteria. The remaining marker cultures were classified much as they were in the SJUPGMA analysis. Thus, a loose association was found between A . globformis and the 'aurantiaca' cluster, and between A . tumescens and B. saperdae.
Reproducibility of results
Inclusion of a few duplicate strains (Table 1) in the analysis enabled experimental test error to be estimated. The probability ( p ) of an erroneous result averaged 2.5%, equal to an observed S, value of about 95 % between duplicate cultures.
D I S C U S S I O N
Numerical phenetic analyses provide a convenient and effective way of assigning organisms to phena based upon independent and highly correlated characters and they have laid the foundations for the modern taxonomy of Corynebacterium sensu stricto (Jones, 1975 (Jones, , 1978 , Mycobacterium (Wayne et al., 19 7 1 ; Kubica et al., 1972; Meissner et al., 1974; Tsukamura et al., 1979) , Nocardia (Goodfellow, 1971; , 1981 Tsukamura, 1977) , Rhodococcus (Tsukamura, 1974; Goodfellow et al., 1974; Goodfellow & Alderson, 1977) and the 'aurantiaca' taxon (Goodfellow et al., 1978 b) . In numerical taxonomies, however, it is still not possible to fix specific similarity values for the delineation of species and genera, as the matching scores at which phena emerge are influenced by a number of variables (Sneath & Johnson, 1972; Jones & Sackin, 1980; Goodfellow & Wayne, 1982) and, especially in broadly based studies, where the diverse properties of test strains make it very difficult to select a balanced battery of tests, clusters are rarely defined at the same hierarchical level. Nevertheless, spurious similarities and differences can often be recognized by evaluating coded data using different statistics and comparing the results with classifications derived from chemical, serological and genetical investigations (Sneath, 1976; Jones & Sackin, 1980) .
In the present study it was very encouraging that neither the number nor the composition of clusters was influenced by the similarity coefficient used or by the test error of 2.5%. The relationships between some of the aggregate clusters and the composition of the one corresponding to R hodococcus were, however, sensitive to the coefficient of association employed. Thus, in the SJ analysis, where negative matches were excluded and differences between strains with few positive characters emphasized, the phena equated with Corynebacterium sensu stricto, Mycobacterium and R hodococcus were sharply separated, whereas in the S , analysis the two former taxa, the R. (C.) equi cluster and some marker strains shared a high similarity (Figs 1 and 2) . Most of the tests used, however, had been effective in earlier analyses of nocardioform bacteria (Goodfellow, 197 1 ; Goodfellow & Alderson, 1977; Goodfellow et al., 1974 Goodfellow et al., , 1978b but are not as suitable for those corynebacteria, rhodococci and marker strains which had many negative features in common. Negative correlation, therefore, accounts for part of the high similarity found between the Corynebacterium, Mycobacterium and R . (C.) equi strains. These complex numerical data also need to be interpreted within the context of the results obtained using other modern taxonomic methods.
The numerical phenetic data show that most of the cultures received as either R. equi or C. ). The close affinity found in other studies between R. equi, Corynebacterium sensu stricto (Bousfield, 1972) and Mycobacterium (Harrington, 1966) can probably be attributed to factors such as sampling error and the tests employed. The present data also clearly show that Corynebacterium sensu stricto and Rhodococcus are as sharply separated from one another as they are from the established taxa Mycobacterium and Nucardia. Although rhodococci, including R . equi, cannot be distinguished from true corynebacteria on the grounds of mycolic acid or menaquinone composition , there is some evidence that they may be separated from the latter by their fatty acid and polar lipid profiles (Lechevalier et al., 1977; Minnikin et al., 1977 Kroppenstedt & Kutzner, 1978; . Thus, rhodococci contain 1 0-methyloctadecanoic acid (tuberculostearic acid) and phosphatidylethanolamine whereas true corynebacteria lack these compounds, with the exception of Corynebacterium bovis which contains the former. Rhodococcus equi is a good genospecies (Suzuki et al., 1981) and contains strains with a DNA base composition characteristic for rhodococci but not for true corynebacteria (Yamada & Komagata, 1970; Mordarski et al., 1980b) ; the type strain of the taxon clustered with other representative rhodococci in preliminary rRNA :DNA pairing experiments (Mordarski et al., 1980a) .
The inclusion of the type strain of Corynebacterium hoagii in the same cluster as R. equi is not unexpected. Thus, C. hoagii C24 and R. equi belong to a single DNA homology group (Suzuki et al., 1981) , and both have short-chain mycolic acids Keddie & Cure, 1977 ; Minnikin et al., 1978) , a peptidoglycan containing meso-DAP, arabinose and galactose (Yamada & Komagata, 1972a; Keddie & Cure, 1977) , dihydrogenated menaquinones with eight isoprene units and DNA rich in guanine plus cytosine (Yamada & Komagata, 1970) . The chemical, genetical and numerical phenetic data all indicate that C. hoagii and R. equi belong to the same species and in each case the type strain conforms to the original description of the taxon. Although C. hoagii (Morse 19 12) Eberson 19 18 has priority over C. equi Magnusson 1923, the former epithet is rarely cited in the literature while the latter is well known, widely used (Barton & Hughes, 1980 ) and needs to be conserved.
The inclusion of the type strain of Bacterionema matruchotii in the Corynebacteriurn sensu stricto aggregate cluster is in good agreement with the results of chemical, genetical and physiological studies . The monospecific genus Bacterionema was originally classified in the order Actinomycetales, family Actinomycetaceae as it was considered to show mycelial growth, though the authors (Gilmour et al., 1961 ) did point out that it differed considerably from the other two genera in the family, Actinomyces and Nocardia. The genus was recognized as a distinct entity in numerical phenetic and serological studies (Melville 1965; Snyder et al., 1967; Holmberg & Hallander, 1973) which left its generic position unresolved, The discovery that bacterionemae contained meso-DAP, arabinose and galactose (Pine, 1970) , short-chain mycolic acids and straight-chain saturated and monounsaturated fatty acids , polar lipids and menaquinones (Collins et al., 1980b) and had a DNA base composition (Gilmour, 1974 ) similar to true corynebacteria emphasized their relationship to the latter. Locci ( 1978) stressed the importance of studying undisturbed growth when observing colony morphology and found the typical morphology of B. matruchotii to consist of rods forming single, unbranched, elongated hyphae. Bacterionema matruchotii, therefore, has all of the characteristics of Corynebacterium senm stricto and should be transferred to this genus as Corynebacterium matruchotii comb.nov.
Traditional taxonomic methods based upon form and function failed to yield stable classifications of acid-fast and related bacteria, nor did they provide good characters for identification (Bousfield & Goodfellow, 1976; Goodfellow & Wayne, 1982 (Minnikin et al., 1978; Minnikin & Goodfellow, 1980) . It is, however, the analysis of lipids that is providing good characters for the identification of acid-fast and related bacteria particularly at the generic level Goodfellow & Schaal, 1979; Goodfellow & Minnikin, 1981a, b; Goodfellow & Wayne, 1982) . A provisional co-ordinated scheme for the use of lipids in the identification of bacteria containing major amounts of meso-DAP, arabinose and galactose is also available . The classification of the remaining reference strains raises few new points of interest. The clear separation of the type strains of the type species of the genera Arthrobacter, Brevibacterium, Cellulornonas, Kurthia and Microbacterium, the lack of affinity between Arthrobacter globiformis and A. tumescens and the heterogeneity of the genus Brevibacterium are encouraging in so far as they reinforce current views Goodfellow & Minnikin, 1981 a; Goodfellow et al., 1980; Keddie & Bousfield, 1980) . It is now known that single marker strains may not always be good representatives of species (Wilkinson & Jones, 1977) , and it seems likely that the loose association found between the type strains of A. tumescens and B. saperdae is more apparent than real as these bacteria can be distinguished on the basis of wall and menaquinone composition (Keddie & Cure, 1977 ;  Collins et al., 1980a) . Similarly, A . globiformis and aurantiaca strains probably have little in common and can readily be separated on the basis of wall, fatty acid and menaquinone components (Goodfellow & Minnikin, 198 1 a; . The position of Brevibacterium stationis remains equivocal, but it is clear that this organism, which contains meso-DAP, arabinose, galactose and mycolic acids Keddie & Cure, 1977; , should not be assigned to the genus Brevibacterium as suggested by Jones (1975) .
The strains classified in cluster 1F form a distinct and homogeneous taxon which conforms to the description of the genus Rhodococcus (Goodfellow & Alderson, 1977) and merits species status. The species description given below does not include features characteristic of the genus. R hodococcus globerulus sp.nov. (glo.be'ru.lus M.L. dim.adj. globerulus globular) The species description is based on data taken from Goodfellow & Alderson (1977) . Morphology. On glucose yeast extract agar the primary mycelium soon fragments into rods Temperature requirements. Growth at 10 to 40 OC. Enzymic activity. Urease positive; allantoinase and benzamidase negative. Degradation tests. Neither adenine nor tyrosine is degraded. Sole carbon source requirements. Growth on glycerol, inulin, maltose, trehalose, adipate, malate, pyruvate, sebacic acid and succinate as sole sources of carbon for energy and growth, but not on inositol, rhamnose, salicin, benzamide, p-cresol, m-hydroxybenzoic acid, tartrate or testosterone. and cocci. Colonies are pink to red, rough with entire margins.
Sole carbon and nitrogen source.
No growth on serine or trimethylenediamine. Lipid characters. The organisms contain mycolic acids . G + C content of DNA. The G + C content is 63 to 67 mol % by Tm for the strains tested Type strain. The type strain is R58 (=ATCC 25714). (Mordarski et al., 1977) . It can be concluded that the numerical data, together with those derived from previous chemical and genetical studies, support the classification of acid-fast and related my colic acid-containing bacteria into taxa corresponding with Corynebacterium sensu stricto, Mycobacterium, Nocardia, Rhodococcus and the 'aurantiaca ' taxon. Future systematic studies of these organisms should, however, include representatives of the genus Caseobacter and the species Micropolyspora brevicatena and 'Micropolyspora fascifera', all of which contain meso-DAP, arabinose, galactose and mycolic acids (Crombach, 1978; . The status of the genus Caseobacter, in particular, needs to be clarified, as representatives of this taxon have fatty acids characteristic of true corynebacteria but a DNA base composition in the range expected for rhodococci (Keddie & Bousfield, 1980) . In contrast Micropolyspora brevicatena is clearly associated with the genus Nocardia in terms of fatty acid, mycolic acid, menaquinone and DNA base composition (Tsyganov et al., 1966; Yamaguchi, 1967; Collins et al., 1979; . It has been proposed that Micropolyspora brevicatena be transferred to the genus Nocardia as Nocardia brevicatena (Goodfellow & Pirouz, 1982) .
The authors are indebted to Grace Alderson for help with the computing and to colleagues ( Table 1) for generously providing strains.
